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Abstract 
The influence of the superplasticizer S-3 on the grindability of Portland cement and loss of its activity when it stored in air for a 
few weeks were investigated. The experimental results showed that the co-grinding of cement and a superplasticizer decreases 
the grinding duration and the absorption of moisture from the air during a long-term storage of cement. Combining the cement 
with a superplasticizer during the grinding process is a more effective method than introducing of an additive in the form of the 
dispersed powder to the binder. The mechanism of the interaction between cement and the chemical additive at various ways of 
combining them was considered. ɋo-grinding of cement and a superplasticizer is recommended in the production of dry building 
mixtures to increase their shelf life and to produce cements which are suitable for transport and long-term storage. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Portland cement loses activity during storage [1-3]. This scenario is largely characteristic of fine milled and high 
early strength cements [4]. This cement property is unimportant for manufacturers of concrete and construction 
mortar because cement is usually stored in enterprise warehouses only for a few days. Manufacturers do not produce 
large stocks of cement for economic reasons. 
However, the duration from the manufacturing date of the cement to its application can reach several weeks or 
months when transporting cement by sea or using it in dry building mixes. Thus, decreasing the cement hydration by 
 
 
* Corresponding author. Tel.:+7-927-371-6922; fax: +7-841-292-9501. 
E-mail address: m_korovkin@mail.ru 
 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
1601 M. Korovkin and N. Eroshkina /  Procedia Engineering  150 ( 2016 )  1600 – 1604 
reaction with atmospheric moisture is an important issue during long-term storage of cement or dry building mixes 
[2]. 
In the dry building mixes, two species superplasticizers were mainly used to regulate rheological properties. The 
most studied additives are superplasticizer additives based on sulfonated polymers (condensed naphthalene 
formaldehyde sulfonate or melamine formaldehyde condensate sulfonate) [5, 6]. These additives are cheaper, but 
less effective [6-9] than the new generation superplasticizers on the basis of modified polycarboxylate.  
For the production of dry building mixes Portland cement, aggregates, fillers and chemical additives are mixed. 
Particles of superplasticizer are between binder particles and additive does not react with cement before introduction 
of mixing water. There is another method of combining the cement and superplasticizer, which includes co-grinding 
of cement and superplasticizer [10-11].  
Decreased cement activity occurs under the influence of moisture and carbon dioxide in air. This interaction 
results in a layer of hydration products and formation of calcium carbonate on the cement grain surface, which slows 
down cement hydration and hardening. 
Evaluating the effect of air humidity on the cement is possible by changing the mass of cement during storage. Its 
mass increases logarithmically during storage of the cement in air for several weeks [12]. A reduction in the cement 
mass to the initial values does not occur after drying it from 105 °C to 110 °C. This phenomenon is associated with 
the presence of chemically bonded water and the formation of calcium carbonate in the cement. The layer of calcium 
carbonate located on the surface of cement has a low permeability to water. This layer prevents interaction of cement 
after mixing with water, that reduces the strength of the cement. 
This study investigates the effectiveness of co-grinding a superplasticizer (SP) S-3 and cement in terms of 
decreasing the grinding time and activity loss during cement storage. This method of adding SP to cement shows 
higher efficiency [13] than introducing additives into the cement with mixing water. However, such difference in 
efficiency is more noticeable at an increased grinding fineness of cement [14] and in high-flow mixes [12].  
2. Details experimental 
A cement with low water requirement prepared in the laboratory was used for this research. This cement was 
manufactured in a laboratory ball mill. Gypsum, a superplasticizer S-3 and Portland cement clinker were used to 
prepare the low water requirement cement.  
In this work commercial Portland cement clinker from Volsk cement plant was used for the investigations. The 
chemical and mineral composition of cement clinker is provided in Table 1.  
Superplasticizer S-3 on the basis of naphthalene sulphonic acid was used as a water reducing additive. 
The amount of gypsum was 4% of the clinker weight. The SP S-3 consumption values in the experiment were 
0,5 %, 1 %, and 1,5 %. 
Table 1. Chemical and mineral composition of cement clinker. 
ɋ3S  ɋ2S ɋ3A ɋ4AF MgO SO3 Na2O K2O 
66,1 8,3 5,2 15,1 1,4 3,1 0,54 0,26 
 
We investigated the kinetics of the mass change of cement when the material was stored in a laboratory at a 
relative humidity of 70±5% and temperature of 20±3 °C for 1,5 months to 3 months (or until a constant mass of 
cement was achieved). The mass growth in percentage was determined using the formula ȼ = 100×(m0 – m1)/m0, 
where m0 and m1 are the mass of initial sample cement and the mass after exposure to the air, respectively. 
The amount of chemically bound water after exposure of cement to moist air was selected as a criterion for 
evaluation of the activity loss of cement. This value (in percentage) was determined using the formula 
ȼc.w. =  100×(m0 – m2)/m0, where m2 is the mass of the cement after exposure to the air and subsequent drying at 
105 °C to 110 °C. 
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3. Results and discussions 
We investigated the effect of addition of different amounts of SP on grinding duration of cement. The fineness of 
the cement was evaluated in terms of the specific surface by using a PSH-2 device. A graph of dependence of the 
specific surface of the cement on the grinding duration of cements with different SP contents is shown in Fig. 1. 
 
Fig. 1. Dependence of specific surface of the cement on the grinding duration and SP S-3 dosage: 1 – without additive; 2 – 0,5% of SP; 3 – 1% of 
SP; 4 – 1,5% of SP. 
The increase in SP dosing decreases the duration of cement grinding. The differences in the specific surfaces of 
the binder with different additive contents are insignificant when the binder substance was grinded to a specific 
surface of 300 m2/kg. However, the additive effectiveness significantly increases with the increase in grinding 
fineness. The reason for this is that the superplasticizer is localized on the surface of cement particles and reduces 
their tendency to aggregate. Thus, the superplasticizer S-3 can decrease the grinding time only for fine cements. 
The variation in binder element mass during storage in air for cements with different specific surfaces, SP 
amounts, and methods of SP addition are shown in Fig. 2. Two methods of SP addition were studied: co-grinding of 
cement with SP (low water requirement cement) and mixing of SP powder with cement. 
 
Fig.2. Effect of cement storage duration with a specific surface of 450 m2/kg on the mass increase with different SP dosages and methods of S-3 
addition: 1 – without additive; 2 – 0,5 % SP (by grinding); 3 – 1,0 % SP (by grinding); 4 – 0,5 % SP (in the form of powder); 5 – 1,0 % SP  
(in the form of powder). 
Fig. 3 shows that co-grinding of SP S-3 and cement decreases the absorption of moisture from air. In the cement 
with low water requirement, water absorption is also much lower than in the cement with powder SP. The reason for 
this is that on the surface of cement particles partially is formed a layer of superplasticizer, which reduces the 
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interaction of cement with moisture and carbon dioxide from the air (Fig.4) [12]. Moreover, such localization of the 
additive provides a more uniform absorption of superplasticizer on the surface of various minerals of clinker. 
 
Fig.3. The mass change of the low water requirement cement with different amounts of C-3 during storage in air and then drying: specific surface 
of ɫement 300 m2/kg;  1 – without additive; 2 – 0,5 % SP; 3 – 1,0 % SP. 
 
Fig.4. Scheme of interaction  of cement and low water requirement cement with active components and features of the distribution SP after 
mixing cement and water 
Fig. 3 and 5 shows the variation in mass of the low water requirement cement with different amounts of SP S-3 
during storage of cement in air and then drying. The moisture absorption from air during the experiment largely 
depends on the fineness of the cement and SP dosage. Addition of 0,5% S-3 to the cement with a specific surface of 
300 m2/kg decreased the mass growth by 1,58 times during its long-term storage in air (Fig. 3). Moreover, addition 
of 0,5 % and 1 % S-3 to the cement with a specific surface of 400 m2/kg decreased the moisture absorption by 1,62 
and 2,54 times, respectively (Fig. 5). The increase in specific surface of the binder from 300 m2/kg to 400 m2/kg 
increased the moisture absorption from 8,15% to 14,1% for the cement without additive and from 5,2 % to 8,3 % for 
the low water requirement cement. 
The graphs in Fig. 3 and 5 show that the mass growth decreased from 5-14 % to 1,3-2,6 % after drying. The last 
indicator shows the hydration degree of cement. This result indicates that only one-fifth of moisture absorbed by the 
cement is chemically connected with the cement, but most of the water is placed on the surface of interaction 
products cement with water and it very slowly penetrates through the surface. 
4. Conclusions 
Studies of effectiveness of the adding of superplasticizer to cement during grinding of binder were conducted and 
major conclusions are as follows:  
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1. Grinding of cement with SP S-3 can decrease the grinding duration. The effectiveness of combined grinding 
increases with the increase in additive dosage and fineness of the cement. 
2. SP addition to cement in the form of powder while grinding decreases the moisture absorption of the cement 
from air and its hydration degree. Results showed that SP addition during grinding is more effective. 
Therefore, this method can be recommended for the preparation of the binder in the production of dry building 
mixes to increase their shelf life and cements, which are suitable for transport and long-term storage. 
 
 
Fig.5. The mass change of the low water requirement cement with different amounts of C-3 during storage in air and then drying: specific surface 
of ɫement  400 m2/kg;  1 – without additive; 2 – 0,5 % SP; 3 – 1,0 % SP. 
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